The results of an investigation of two samples of commercial multi--walled carbon nanotubes and a sample of carbon black, in the raw and activated state, were presented in the lecture. The activation of the carbon materials led to the formation of an abundance of oxygen-containing functional groups on the surface, an increased electrochemically active surface area, an enhanced charge storage ability and a promotion of the electron-transfer kinetics. It was presented that the morphology of the carbon nanotubes is important for the electrochemical properties, because nanotubes with a higher proportion of edge and defect sites showed faster electron transfer and pseudocapacitive redox kinetics. Modification of oxidized nanotubes by ethylenediamine and wrapping by poly(diallyldimethylammonium chloride) led to a decrease in the electrochemically active surface area and to reduced electrontransfer kinetics. Pt nanoparticles prepared by the microwave-assisted polyol method were deposited at the investigated carbon materials. A much higher efficiency of Pt deposition was observed on the modified CNTs than on the activated CNTs. The activity of the synthesized catalyst toward electrochemical oxygen reduction was almost the same as the activity of the commercial Pt/XC-72 catalyst.
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Carbon nanotubes (CNTs) have attracted enormous attention because of their unique structure, excellent chemical and thermal stability, mechanical properties and, in some cases, even metallic conductivity. 1 4, 5 and gas and energy storage. 6 The structure of the carbon material can play an important role in the dispersion of a catalyst, in its crystallographic characteristics and, consequently, in its electrochemical properties. 7, 8 In this lecture, a survey of the results of an investigation of the physicochemical and electrochemical properties of two types of commercial carbon nanotubes (Sigma-Aldrich and Sun Nanotech) and carbon black (Vulcan XC-72R), in the raw and acid-activated state, was presented. The carbon powders were activated by treating the samples with concentrated H 2 SO 4 + HNO 3 in an ultrasonic bath. Changes in the chemical composition of the carbon surfaces upon activation were investigated by Fourier transform infrared spectroscopy and the Boehm titration method. [9] [10] [11] The results indicated that the groups formed on the surface were dominantly acid groups. The stability of water suspensions of the carbon powders before and after activation was investigated by UV-visible spectroscopy and it was registered that an abundance of oxygen-containing functional groups made the carbon surfaces more hydrophilic. The structural characterization of the carbon nanotubes, performed by atomic force microscopy, indicated that activated Sigma-Aldrich nanotubes were straight with the corrugated walls (bamboolike structure), while the Sun Nanotech nanotubes are tortuous with smooth walls.
The influence of activation and morphology on the electrochemical properties of the carbon powders, applied on a gold substrate in the form of a thin-film, was investigated by cyclic voltammetry and electrochemical impedance spectroscopy in 0.10 M H 2 SO 4 and in 1.0 M KCl. The steady-state capacitive potentiodynamic curves of the raw CNT feature a rectangular-shaped profile with a rather low specific capacitance. After activation, the capacitance increased and a pair of broad peaks appeared at around 0.6 V, which is commonly attributed to surface oxidation/reduction processes of the hydroquinone/quinone groups. 1, 12, 13 The electron-transfer properties of the investigated carbons were probed by the simple redox transition of the Fe(CN) 6 3-/Fe(CN) 6 4-couple in 1.0 M KCl + + 5.0 mM K 4 [Fe(CN) 6 ]. The voltammograms of Fe(CN) 6 3-/Fe(CN) 6 4-on the thin films of raw carbons show rather low currents with not well resolved redox peaks, while the activated carbons show an almost reversible currents transition superposed on high capacitance currents. The currents for the straight CNTs with corrugated walls were the highest and the peak separation was the closest to that of reversible kinetics. The results of a detailed interpretation of the EIS measurements were consistent with the properties of the carbons established by cyclic voltammetry. It was concluded that the nanotubes with the higher proportion of edge and defect sites were the most active for electron transfer processes, when compared to XC and tortuous nanotubes with smooth walls.
Modification of the CNTs with covalently attached ethylenediamine (eda) 8 and poly(diallyldimethylammonium chloride) (polymer), adsorbed on the surface of the nanotubes by electrostatic interaction 14 led to a certain agglomeration of the CNTs, a decrease in the capacitance of the material, and a reduced rate of electron transfer between the nanotubes and solution species. Addition of a nitrogen heteroatom to active carbon was used to form an electrode material with intermediate acid-base properties. 15 An investigation of the Fe(CN) 6 3-/Fe(CN) 6 4-redox process on CNTs modified with diethylenetriamine, triethylenetetramine and 1,6-hexanediamine 11 indicated even more hindered electron transfer than on eda-CNT. 8 A colloidal Pt solution was prepared in a microwave oven from H 2 PtCl 6 with ethylene glycol as the reducing agent 7 and the Pt nanoparticles were supported on the investigated carbons. The Pt content was determined by thermogravimetric analysis of the deposited Pt/C in an oxygen atmosphere. The deposition of Pt nanoparticles on the oxidized CNTs resulted in a Pt/CNTs material with a very low Pt content. However, modification of oxidized CNTs with either eda or the polymer prior to mixing with the colloidal Pt solution increased the amount of deposited Pt. The much higher efficiency of Pt deposition on the modified CNTs than on the oxidized CNTs was ascribed to a decrease of the negative charge on the surface of the CNTs that was formed by dissociation of acidic oxygen-containing groups. An investigation by transmission electron microscopy (TEM) revealed that the mean diameter of Pt particles in Pt/eda-CNT was 2.5±0.5 nm and that their distribution on the support was homogenous with no evidence of pronounced agglomeration of the particles.
The electrochemical properties of the synthesized catalyst were investigated in 0.10 M H 2 SO 4 by using cyclic voltammetry and compared to the results obtained with the commercial Pt/XC-72 catalyst manufactured by E-TEK. The real Pt surface was determined from the desorption charge of underpotentially deposited hydrogen. The polarization curves for oxygen reduction on all the investigated catalysts almost overlapped. The Tafel plots exhibited two distinct linear regions with a slope of -2.3RT/F in the low current densities region and -2.3×2RT/F in the high current densities region, which are the same as those observed on polycrystalline Pt and Pt/C catalyst in acidic solution. 16 Although noble metal catalysts supported on CNTs were found to be more active for methanol oxidation than catalysts supported on other high area carbons, 7 a recent study 17 and the present results showed that the carbon support has no influence on the activity of the electrocatalysts for oxygen reduction. У оквиру предавања су приказани резултати испитивања две врсте комерцијалних ви-шеслојних угљеничних наноцеви и узорка угљеничног праха развијене површине пре и на-кон активације хемијском оксидацијом. Оксидација узорака доводи до израженог форми-рања кисеоничних група на површини угљеничних материјала, повећања електрохемијски активне површине као и до убрзања преноса наелектрисања. Показано је да морфологија угљеничних наноцеви има значајан утицај на њихове електрохемијске карактеристике. Узорак са већим уделом ивица и дефеката показао је бржу кинетику преноса наелектрисања и већу псеудокапацитивност. Модификовање оксидованих наноцеви етилендиамином и полимером поли(диалилдиметиламонијум-хлоридом) доводи до смањења активне површине и до споријег преноса наелектрисања. Наночестице платине, синтетисане у раствору ети-ленгликола у микроталасној пећници, нанете су на испитиване угљеничне материјале. Коли-чина нанете Pt је много већа на модификованим него на оксидованим наноцевима. Актив-ност синтетисаних узорака за електрохемијску редукцију кисеоника је упоређена са актив-ношћу комерцијалног катализатора Pt/XC-72 за исту реакцију и показало се да су њихове специфичне активности приближно једнаке. 
